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ABBREVIATIONS, DEFINITIONS AND EQUATIONS

cm

cpm
DWRLB
GPS

hr

MCA
MDA
MDAgs
mm

Nal
NIST
NORM
pCilg

R

RAU
RHB
ROI

(¢}

Std. Dev.

TI

Centimeter

Counts per minute

Drinking Water and Radiation Laboratory Branch

Global positioning system

hour

Multi-channel analyzer

Minimum detectable activity

Minimum detectable activity at the 95% confidence level
Millimeter

Sodium lodide, doped with Thallium, used in scintillation detector
National Institute of Standards and Technology

Naturally occurring radioactive materials

pico curies per gram, unit of concentration

roentgen, measure of radiation energy absorption per unit mass of air
Radiological Assessment Unit

Radiologic Health Branch

Radionuclide of Interest, plural ROIs

Sigma is the standard deviation, Std. Dev. of the measurements of interest.

A mavg)

Standard Deviation, ¢ i (Xi — Xavg)’
o= N-1

where X; is measurement, N is number of measurements; Xayq is the
average of all measurements.

Treasure Island
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RAU Staff Soil Sampling, Treasure Island, Site 12

INTRODUCTION

The Radiological Assistance Unit (RAU) assisted with the onsite Treasure Island (TI), Site 12 survey
effort by collecting soil samples at five locations with exposure rate measurements significantly
exceeding background measurements. Radiologic Health Branch (RHB) surveyors found these
locations using Ludlum Model 19 exposure rate instruments, labeled A — F, during surveys on March
18-19, 2013. RAU sent soil samples to the Drinking Water and Radiation Laboratory Branch (DWRLB)
for gamma spectroscopic analysis following 21-day ingrowth.

SAMPLING DATES
March 20-21, 2013

SURVEY STAFF
The following Radiological Assessment Unit Health Physicists performed surveys:

Roger Lupo, supervisor, lead sampler

Jeff Wong, surveyor, sampler

Victoria Brandt, recorder, sample custodian
Rajiv Mishra, surveyor

SURVEY LOCATIONS: TREASURE ISLAND, SITE 12

RAU staff collected soil samples in two general locations. Location 1 was in the curve of Gateview
Avenue, west of the Avenue B intersection. Surveyors found four elevated measurement points, labeled
A - D, in this location, see
Figure 1: Treasure Island,
Site 12, Gateview Avenue,
Location 1.

Figure 1: Treasure Island, Site 12, Gateview Avenue, Location 1

Global Positioning System
(GPS) data for each sample
point was collected using a
Garmin GPS device can be
found in Table 1: GPS Data
for Sample Points A - E.
GPS data depends upon the
particular instrument used;
the tolerance of the particular
instrument, and the satellites
available at the time the
measurement was collected.
Re-measurement of the
sample point locations can
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vary within 10-40 feet.

Table 1: GPS Data for Sample Points A - E

Sample

Point Longitude Latitude

A W 122° 22.568’ N 37° 49.422’
B W 122° 22.569’ N 37° 49.425’
C W 122° 22.580’ N 37° 49.431°
D W 122° 22.571° N 37° 49.426°
E W 122° 22.565’ N 37° 49.756°

Location 2 was in a green belt area southwest of the intersection of Gateview Avenue and Bayside
Drive. One elevated measurement was found in this location.

Figure 2: Treasure Island, Site 12, Gateview Avenue, Location 2

SURVEY ACTIONS

At each point, A — E, RAU staff collected GPS data, see Table 1: GPS Data for Sample Points A - E,
measurements with hand held radiation survey instruments and soil samples. Hand held survey
equipment used see Table 2: Survey Instruments. The Ludlum Model 19 measurements were in units of
micro roentgen per hour (uR/hr). The Ludlum Model 2221 measures on units of counts per minute
(cpm).

Table 2: Survey Instruments

Serial Calibration Type Background
Number Date
Ludlum Model 19 42969 14-Feb-2013  microR ratemeter 7 uR/hr
Ludlum Model 2221 163683 Scaler/Ratemeter t

* Ludlum Model 44-10 PR169437 24-Aug-2012 < Nal scintillation detector 6832 cpm
t Count rates greater than 1,000,000 cpm were measured at 0.1 minute, and then converted to counts per minute (cpm).

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 5



RADIOLOGIC HEALTH BRANCH
RADIOLOGICAL ASSESSMENT UNIT

RAU and Tetra Tech personnel attended the isolation of the radioactive fragment found at sample point
E. Following isolation of the fragment, RAU and Tetra Tech personnel agreed that RAU would
continue to location 1. Tetra Tech personnel would finish remediation

At each of points A — D, RAU isolated the point of greatest count rate using a 2”x2” Nal detector,
cleared the sod, and then collected a soil sample. RAU mixed and divided each soil sample into two
labeled bags, one for DWRLB analysis and one for Tetra Tech analysis. Before sampling, RAU decided
if soil with radioactive fragment(s) was excavated during sampling, the split with the radioactive
fragment(s) would be given to Tetra Tech. DWRLB subsequently identified fragments at sample point
A and this sample was not given to the Navy’s contractor.

LABORATORY ANALYSIS

All samples were analyzed using gamma spectroscopy following a minimum 21-day in-growth period
by CDPH’s Drinking Water and Radiation Laboratory Branch (DWRLB) Branch. RAU requested the
in-growth period to optimize detection and characterization of radium 226, through analysis of gamma
producing progeny bismuth 214 (Bi-214). Laboratory results are summarized following sampling
actions for each sample point and summarized in Table 14: Laboratory Results Summary. For
Minimum Detectable Activity (MDA) values for each sample, see copies of laboratory results can be
found in Appendix B: Sample Analysis and Results.

The results of the laboratory analysis of soil samples collected in these five sample points show that
some of the contamination was in the form of discrete particles, with Sample Point E having a larger
metallic backed fragment, see Photo 3: Radioactive Fragment Detail. The soil contamination for other
sample points may have originated with discrete particles, but no fragments were isolated by RAU’s
sampling. Radium contamination was identified in soil right below the grass and extending at least 30
cm (12 inches) below the grass. Vegetation growing over the radioactive fragments was not tested for
radioactive contamination through uptake by the plant roots. Cesium 137 concentrations for nine
samples were below the MDA. The Cs-137 concentrations in the remaining two samples were
considered ambient background levels.

SPECIFIC SAMPLING AND LABORATORY RESULTS

Sampling actions for each sample point are discussed below, followed by the laboratory results for the
sample(s) collected. All soil samples collected by RAU at Sample Points A-D were divided and, bagged
for RAU laboratory analysis and for Tetra Tech.

SAMPLE POINT A

Sample point A lies near a concrete walkway adjacent to Building 1303, see Figure 1: Treasure Island,
Site 12, Gateview Avenue, Location 1.Exposure rate measurements made at the location are summarized
in Table 3: Data - Sample A. GPS location can be found in Table 1: GPS Data for Sample Points A - E.
Following removal of the surface sod layer, RAU collected a soil sample from a 7-10 cm (3-4 inch)
diameter hole at 15 cm (6 inch) depth.

The following day, Tetra tech personnel remediated sample point A by excavating a hole measuring
approximately 45 cm by 45 cm by 30cm depth. RAU collected two soil samples, the first during
remediation and the second following remediation.

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 6
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Table 3: Data - Sample A

Pre-remediation | Pre-remediation |
- Ludlum Model 19 | Ludlum Model 44-10 T = Post-remediation
Detector height above sod | (uR/hr) (cpm) (cpm)
Contact i 1,600 i 1.377x10° | 9.76x10°
30 cm 250 2.72x10° | -
100 cm 55 559x10* |

t Count rates greater than 1,000,000 cpm were measured at 0.1 minute, and then converted to counts per minute (cpm). No
dead time corrections were made.

Small discrete particles (3,500 uR/hr on contact) were collected by RAU during pre-remediation soil
sampling (sample A) and sent to DWRLB. The radioactive fragments were sieved out of the soil during
the standard sample preparation. The results of the laboratory analysis, with the radioactive fragments
removed, are summarized in Table 4: Laboratory Results - Sample A. Cs-137 concentrations were less
than MDA for all samples collected in this location.

Table 4: Laboratory Results - Sample A

Gamma Cs-137 Ra-226 K-40
Measurement | Concentration | Concentration | Concentration

Descriptive Name Sample ID (mR/hr) (pCil/g) (pCil/g) (pCilg)
Pre-Remediation
Treasure Island Site
12, Sample A R98805 35 -0.24% 7898 6.53
During Remediation
TI Sample A -
During Remediation R96216 | ----- -0.14t 706 10.6
Post-Remediation
T1 Sample A — Post
Remediation R96217 | = - 0.00f 1.02 10.3

T Concentrations are less than the MDA.

Note that because of the much higher count rates for Sample A, see Table 4: Laboratory Results -
Sample A, the MDAgs is much greater for all nuclides due to the greater concentration of the Ra-226
(Bi-214). This characteristic is inherent to the type and sensitivity of the detection equipment when
counting such high concentrations and does not indicate failure of the instrument or analysis procedure.

SAMPLE POINT B

Sample point B was near the front sidewalk on the northern border of the lawn between the western
most two driveways of building 1303; see Figure 1: Treasure Island, Site 12, Gateview Avenue,
Location 1. GPS location can be found in Table 1: GPS Data for Sample Points A - E. Exposure rate
measurements made at the location are summarized in Table 5: Data - Sample B.

The following day, Tetra Tech personnel remediated sample point B by excavating a hole measuring
approximately 30 cm by 30 cm by 30cm depth. RAU collected one soil sample following remediation.
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Table 5: Data - Sample B

~ Pre-remediation
- Ludlum Model 44-10 t ' Post-remediation

Pre-remediation
Ludlum Model 19

Detector height above sod (uR/hr) (cpm) (cpm)
Contact i 17 1.61x10* 7.62x10°
3oem e 8.01x10° | -
100 cm 7.0 6.78x10°

The results of the laboratory analysis are summarized in Table 6: Laboratory Results - Sample B. Cs-
137 concentrations were less than MDA for all samples collected in this location. The post-remediation
Ra-226 concentrations are greater than expected for primordial concentration.

Table 6: Laboratory Results - Sample B

Gamma Cs-137 Ra-226 K-40
| - Measurement | Concentration | Concentration | Concentration

Descriptive Name | Sample ID | (mR/hr) (pCi/g) (pCi/g) (pCi/g)
Pre-Remediation
Treasure Island Site
12, Sample B R98806 0.45 0.022f 100 10.6
Post-Remediation
T1 Sample B — Post
Remediation R96218 | = - 0.036f 3.36 10.2

T Concentrations are less than the MDA.

SAMPLE POINT C

Sample point C was located next to the sidewalk, near the street corner, see Figure 1: Treasure Island,
Site 12, Gateview Avenue, Location 1. Exposure rate measurements made at the location are
summarized in Table 7: Data - Sample C. GPS location can be found in Table 1: GPS Data for Sample
Points A - E. On March 20, 2013, following removal of the surface sod layer, RAU collected a soil
sample from a 7-10 cm (3-4 inch) diameter hole at 15 cm (6 inch) depth. On the following day, Tetra
Tech remediated this location and isolated a radioactive fragment.

Table 7: Data - Sample C

Pre-remediation
Ludlum Model 19

Pre-remediation
Ludlum Model 44-10 t

Post-remediation

Detector height above sod (uR/hr) (cpm) (cpm)
Contact 240 2.80x10° 8.94x10°
30em 9.50x10* =
100 cm 28 2.69x10* |

The results of the laboratory analysis, pre- remediation and post-remediation, are summarized in Table
8: Laboratory Results - Sample C. Cs-137 concentrations were less than MDA for all samples collected
in this location. The post-remediation Ra-226 concentrations are greater than expected for primordial

concentration.

RAU Staff Soil Sampling, Treasure Island, Site 12
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Table 8: Laboratory Results - Sample C

Gamma | Cs-137 i Ra-226 | K-40
Measurement | Concentration | Concentration | Concentration
Descriptive Name Sample ID (mR/hr) (pCilg) (pCi/g) (pCil/g)

Pre-Remediation

Treasure Island Site

12, Sample C R98807 0.45 0.02t 75.8 9.49

Post-Remediation

TI Sample C — Post

Remediation R96219 | = ---—- 0.01f 38.0 9.89
t Concentrations are less than the MDA.

SAMPLE POINT D

Sample point D was near the sidewalk on Gateview Avenue, within the drip line of a large tree, see
Figure 1: Treasure Island, Site 12, Gateview Avenue, Location 1, Exposure rate measurements made at
the location are summarized in Table 9: Data - Sample D. GPS location can be found in Table 1: GPS
Data for Sample Points A - E. A small radioactive fragment was collected during sampling. The split
with the radioactive fragment was given to Tetra Tech for analysis and future disposal.

Table 9: Data - Sample D

Pre-remediation Pre-remediation

Ludlum Model 19 | Ludlum Model 44-10t Post-remediation
Detector height above sod (uR/hr) (cpm) (cpm)
Contact 33 2.96x10* 6.07x10°
T T — 9.38x10° | e
100 cm 7.0 6.27x10° | e

The results of the laboratory analysis are summarized in Table 10: Laboratory Results - Sample D. For
this location there was no remediation performed, therefore there were no post-remediation samples
collected. Cs-137 concentrations were greater than MDA for all samples collected in this location.

Table 10: Laboratory Results - Sample D

Gamma Cs-137 Ra-226 K-40
Measurement | Concentration | Concentration | Concentration
Descriptive Name Sample ID (mR/hr) (pCilg) (pCi/g) (pCi/g)

Pre-Remediation

Treasure Island Site
12, Sample C R98808 0.10 0.02 0.64 9.31

Post-Remediation

No post-remediation sample collected.

t Concentrations are greater than the MDA.

SAMPLE POINT E

Sample E was in the a greenbelt area southwest of the intersection of Gateview Avenue and Bayside
Drive, approximately 6.1 meters (20 feet) from a bus stop bench, see Figure 2: Treasure Island, Site 12,
Gateview Avenue, Location 2. Exposure rate measurements made at the location are summarized in

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 9
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Table 11: Data - Sample Point E. GPS location can be found in Table 1: GPS Data for Sample Points A
-E.

Tetra Tech personnel assisted in excavating sample E. A 30 cm by 30 cm square was cut in the sod, and
then the sod block was flipped onto the plastic surrounding the hole. The sod block was approximately
11 cm thick. Measurement of the bottom of the sod indicated that the radioactive source was not in the
sod block, Photo 1: Treasure Island, Site 12, Sample Point E, Sod Block.
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A

Photo 1: Treasure Island, Site 12, Sample Point E, Sod Block

Soil dug from the hole was placed in clean 5-gallon buckets until the source was detected in a bucket.
Incremental separation of the soil isolated the thin metallic radioactive fragment approximately 1.5 cm
diameter see Photo 3: Treasure Island, Point E, Radioactive Fragment in Bucket and Photo 3:
Radioactive Fragment Detail.

Table 11: Data - Sample Point E

Pre-remediation  Pre-remediation
Ludlum Model 19 Ludlum Model 44-10 t  Post-remediation

Detector height above sod  (uR/hr) (cpm) (cpm)
Contact 4,900 2.77x10° 7.27x10°
30em e 7.33x10° e

100 cm 140 2.60x10*

t Count rates greater than 1,000,000 cpm were measured at 0.1 minute, and then converted to counts per minute (cpm). No
dead time corrections were made.

Following isolation of the radioactive fragment, RAU staff and Tetra Tech personnel agreed to meet at
Location 1, adjacent to the curve of Gateview Avenue, west of the Avenue B intersection, to sample
points A — D. RAU staff volunteered to provide Tetra Tech personnel with splits of samples RAU
collected. The Tetra Tech personnel decided to finish remediating the sample point E to background
measurements, before moving on to Location 1.

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 10
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Photo 3: Radioactive
Fragment Detail

Photo 3: Treasure Island, Point E, Radioactive Fragment in Bucket

The results of the laboratory analysis are summarized in Table 12: Laboratory Results - Sample E. For
this location there was no remediation performed, therefore there were no post-remediation samples
collected. Cs-137 concentrations were less than MDA for all samples collected in this location. The
post-remediation Ra-226 concentrations are greater than expected for primordial concentration.

Table 12: Laboratory Results - Sample E

Gamma Cs-137 Ra-226 K-40
Measurement | Concentration | Concentration | Concentration

Descriptive Name | Sample ID (mR/hr) (pCi/g) (pCi/g) (pCilg)
Pre-Remediation
Treasure Island R98803 0.11 -0.03t 30.0 10.4
Sample E, Bottom
T1 Sample E, R98804 0.15 -0.06t 405 9.83
Bottom of Sod, 11
cm depth
Post-Remediation
Tl Sample E-Post | R96215 | - 0.01t 6.79 10.9
Remediation

T Concentrations are less than the MDA.

Before remediation, the exposure rate was 4,900 uR/hr on contact with the grass. A radioactive
fragment appearing as a 1.5 cm octagonal radioactive disk was found, see Photo 3: Radioactive
Fragment Detail. The maximum concentration found in the top 15 cm of soil was 405 pCi/g. A second

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 11
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sample, 1D R96215, collected from the bottom of the remediated hole at 20 cm depth had a radium
concentration of 6.79 pCi/g.

VARSKIN 4 ANALYSIS — SAMPLE E

Of concern is the possible dose to the public, should an individual handle an unshielded radioactive
fragment, such as the fragment found in Sample Point E. The potential beta dose to such an individual
was modeled using the Varskin 4 software, assuming an irradiation time of one hour, one square
centimeter skin irradiation area, and 2-millimeter source to skin distance. The beta and gamma radium
emitting progeny bismuth 214 (Bi-214), lead 214 (Pb-214), lead (Pb-210), and bismuth 210 (Bi-210).
Varskin uses a calculated “Source Strength” equal to source concentration per square centimeter. The
photon dose rate combines the exposure of gamma and x-rays. The results are summarized in Table 13:
Varskin Modeling Summary and the analysis can be found in Appendix C: Varskin Analysis.

Table 13: Varskin Modeling Summary

Isotope Bi-214 Pb-214 Bi-210 Pb-210 All Sources
(rad/hr) (rad/hr) (rad/hr) (rad/hr) (rad/hr)
Beta Dose Rate 420 721 450 0 1,590
Photon Dose Rate 3.5 1.9 0 1.4 6.8
Total 423 723 450 1.4 1,600

According to the Center for Disease Control (CDC) fact sheet titled “Cutaneous Radiation Injury: Fact
Sheet for Physicians™” a one hour skin contact with the fragment could cause radiation burns, hair loss
and possible ulceration.

! http://www.bt.cdc.gov/radiation/pdf/criphysicianfactsheet.pdf

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 12
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CONCLUSION

The soil sampled was during a cursory survey of common areas surrounding residential units in Area 12.
The RHB survey plan was designed to detect discrete radioactive fragments immediately below the
surface, not distributed low-level radioactive soil contamination.

The results of the laboratory analysis of soil samples collected at these five locations with elevated
measurements show radium soil contamination exists in soil above the depth of the actual source
location. Locations where soil samples were collected at multiple depths showed vertical distribution of
radium contamination. Additional remediation needs to be performed at locations B, C and E. In
addition, additional sampling needs to be performed at location D since RHB collected no post-
remediation samples. Soil sampling to establish the lateral or horizontal spread of radium contamination
in the soil was beyond the scope of RAU’s sampling plan. Additional sampling is necessary to evaluate
the lateral radium contamination spread in the soil.

Argonne National Laboratory’s RESRAD 6.5 computer dose modeling using the most conservative
residential farmer model indicates that the predominant dose pathways for radium contamination in the
soil are through plant ingestion and external gamma radiation. Vegetation growing over or near the
radioactive fragments was not tested for radioactive contamination through uptake by the plant roots.
Information provided to RHB indicates that gardening is not permitted by T1 residents. Vegetation
sampling was beyond the scope of the RAU survey.

Cesium 137 concentrations for nine samples were below the MDA. The Cs-137 concentrations in the
remaining two samples were consistent ambient background levels.

Because the location of the radioactive fragments is inconsistent with the Historical Radiological
Assessment (HRA) and the updates to the HRA, and because the fragments may have been deposited in
those locations by prior construction activities and earthwork, it is recommended that the Navy perform
a radiological characterization survey to identify and quantify low levels of radioactivity as soon as
possible. To quantify accurately potential radiological exposures to Tl residents, a detailed radiological
dose model will need to be performed. Further evaluation should be made of the probability of a
member of the public, especially critical members of the population (for example, children), picking up
a radioactive fragment and being exposed.

RAU Staff Soil Sampling, Treasure Island, Site 12 Page 13



RADIOLOGIC HEALTH BRANCH
RADIOLOGICAL ASSESSMENT UNIT

Appendix A: CALIBRATION CERTIFICATES
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Appendix B: SAMPLE ANALYSIS AND RESULTS
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Table 14: Laboratory Results Summary

Field Cs-137 Ra-226 (Bi-214, 609 keV) K-40

Sample | Measurement Sample MDAgs Sample MDAgs Sample MDAgs
Descriptive Name ID (mR/hr) (pCilg) (pCilg) (pCilg) (pCilg) (pCilg) (pCilg)
Pre- Remediation: Collected 3/20/2013
Treasure Island, Site 12,
Sample A R98805 3.5 -0.235+0.105 1.11 7897 + 166 1.78 6.53 + 3.22 12.0
Treasure Island, Site 12,
Sample B R98806 0.45 0.0225 +0.13 0.119 100 +2 0.339 106+0.4 141
Treasure Island, Site 12,
Sample C R98807 0.41 0.0177+0.0190 0.104 758+ 2 0.295 9.49+0.34 1.17
Treasure Island, Site 12,
Sample D R98808 0.10 0.231+0.003 0.0143 0.642 +0.022 0.066 9.31+0.23 0.234
T1 Sample E /Bottom of
sod 11 cm depth R98804 0.15 -0.0638+0.048 0.251 405 + 8.5 0.335 9.83 +0.56 2.34
TI Sample E “Bottom”
(20 cm depth) R98803 0.11 -0.0285+0.014 0.0678 30.0+0.6 0.162 10.4+0.3 0.672
During Remediation: Collected 3/21/2013
T1 Sample A — During
remediation R96216 |  -—-- -0.141+0.0485 0.301 706 + 14.9 0.429 106+1.2 5.37
Post-Remediation: Collected 3/21/2013
TI Sample A — Post -0.000294 +
Remediation R96217 |  -—-- 0.00462 0.0204 1.016 + 0.028 0.0674 10.3+0.2 0.255
Tl Sample B — Post
Remediation R96218 |  --—--- 0.355+0.003 0.0164 3.36 + 0.07 0.0835 10.2 + 0.25 0.288
T1 Sample C — Post
Remediation R96219 | = --—--- < MDA 0.0724 38.0+0.8 0.208 9.89 +0.29 0.821
T1 Sample E — Post 0.00570 +
Remediation R96215 | = --—--- 0.00735 0.0368 6.79 +0.15 0.110 109+0.3 0.387
RAU Staff Soil Sampling, T. I., Site 12 Page B-2
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Appendix C: VARSKIN ANALYSIS
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Varskin 4

Date: 7/1/2013 Tinme: 8:19:34 AM

Treasure |Island Location E March 2013 Source Activity

D sk Source Geonetry

Source Dianeter: 1.50E+00 cm

Source Area: 1.77E+00 cnf
Irradiation Tinme: 1.00E+00 hr

Irradiation Area: 1.00E+00 cn?

Skin density thickness: 7.00E+00 ng/cnf
Air Gap Thickness: 2.00E-01 cm

RESULTS FROM ALL SOURCES

Initial Dose Rate Dose (No Decay) Decay-Corrected Dose

Bet a 2. 79E+02 rad/ h 2. 79E+02 r ad 1. 74E+02 rad
Phot on 1. 18E+00 rad/ h 1. 18E+00 rad 6. 71E-01 rad
Tot al 2. 80E+02 rad/h 2. 80E+02 rad 1. 74E+02 rad

RESULTS FROM | NDI VI DUAL SOURCES

Nucl i de: Bi-214
Hal f Life: 0.3316667 h
Average Beta Energy: 0.6134564 MeV
X-99 Distance: 0.5035018 cm

Source Strength: 3.10E-02 nCi / cn?

Initial Dose Rate Dose (No Decay) Decay-Corrected Dose

Bet a 7.32E+01 rad/h 7. 32E+01 rad 3. 08E+01 rad
Phot on 5.99E-01 rad/h 5.99E-01 rad 2.52E-01 rad
Tot al 7.38E+01 rad/h 7. 38E+01 rad 3. 10E+01 rad

Nucl i de: Pb-214
Hal f Life: 0.4466667 h
Average Beta Energy: 0.1317466 MeV
X-99 Distance: 0.09770415 cm

Source Strength: 3.10E-02 nGi / cn?

Initial Dose Rate Dose (No Decay) Decay-Corrected Dose

Bet a 1.27E+02 rad/ h 1. 27E+02 rad 6. 45E+01 rad
Phot on 3.31E-01 rad/h 3.31E-01 rad 1. 68E-01 rad
Tot al 1.27E+02 rad/ h 1. 27E+02 rad 6. 46E+01 rad

Nucl i de: Pb-210
Hal f Life: 195481.8 h
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Average Beta Energy: 0.011949834 MeV
X-99 Di stance: 0.0019008148 cm

Source Strength: 3.10E-02 nGCi / cn?

Initial Dose Rate Dose (No Decay) Decay-Corrected Dose

0. OOE+00 rad/h 0. OOE+00 rad 0. OOE+00 rad
2.51E-01 rad/h 2.51E-01 rad 2.51E-01 rad
2.51E-01 rad/h 2.51E-01 rad 2.51E-01 rad

Nucl i de: Bi-210
Hal f Life: 120.288 h
Average Beta Energy: 0.3890079 MeV
X-99 Distance: 0.2046475 cm

Source Strength: 3.10E-02 nGCi/cn?

Initial Dose Rate Dose (No Decay) Decay-Corrected Dose

7. 88E+01 rad/h 7. 88E+01 rad 7. 86E+01 rad
0. OOE+00 rad/ h 0. OOE+00 r ad 0. OOE+00 r ad
7.88E+01 rad/ h 7. 88E+01 rad 7. 86E+01 rad
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